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(54) NEEDLE ROLLER BEARING
(57)  The objectis to efficiently subject steel retainers
of needle roller bearings to heat treatment in a short pe-
riod of time even in small-lot production using compact
treatment facilities, thereby producing retainers having
improved resistance to wear and surface damage and
high in fatigue strength and fracture strength as a whole.
The steel retainer 3, which retains needle rollers 2,
is formed from a steel plate containing 0.15 to 1.10% by
mass of carbon. After forming, the steel plate is subjected
to induction heat treatment comprising induction harden-
ing and induction tempering. Such heat treatment can be
carried out efficiently in a short period of time, using com-
pacttreatment facilities, even in small-lot production. The
retainer 3 thus formed is sufficiently resistant to wear and
surface damage, and is high in fatigue strength and frac-
ture strength as a whole.

Fig.1
3 2 1a 1
NI
T TXTTT )

Fon
N

Printed by Jouve, 75001 PARIS (FR)



1 EP 1780428 Al 2

Description
TECHNICAL FIELD

[0001] The presentinvention relates to a needle roller
bearing including needle rollers as rolling elements.

BACKGROUND ART

[0002] A steel retainer is used to retain needle rollers
of many of radial type needle roller bearings, in which
the needlerollers are arranged along a cylindrical surface
having a central axis, and thrust type needle roller bear-
ings, in which the needle rollers are arranged around a
central axis so as to extend in radial directions. Some of
such needle roller bearings, of which the needle rollers
have a small diameter, include only the retainer besides
the rolling elements, and others further include at least
one bearing ring selected from inner and outer bearing
rings. Because needle roller bearings of either of the
above types are thin compared to rolling bearings includ-
ing other rolling elements, but are still sufficiently large
in load capacity, by using such bearings, it is possible to
reduce the size of devices and machines such as indus-
trial machines and motor vehicles in which such needle
roller bearings are used. Thus, needle roller bearings are
now increasingly taking the place of e.g. slide bearings.
[0003] According to how they are manufactured, steel
retainers used in radial type needle roller bearings are
roughly classified into ones formed by cutting pipe mem-
bers, ones formed by blanking a plate member to obtain
a disk-shaped blank, and pressing, i.e. drawing the disk-
shaped blank, and ones formed by cutting a strip of plate
to a required length, annularly bending the thus cut strip
and welding its ends together. In order to improve pro-
ductivity, in many cases, pockets are punched, a step is
formed by pressing, and bent portions are formed while
the retainer is in the state of the strip. On the other hand,
steel retainers of thrust type needle roller bearings are
formed by blanking or cutting a plate member and op-
tionally pressing.

[0004] These steel retainers come in various shapes
according to their intended use. But they all have a plu-
rality of pockets for receiving needle rollers which are
formed by punching and define bridges therebetween.
The needle rollers, which are received in the respective
pockets and roll therein, are brought into sliding contact
with the side walls of the bridges. Some needle rollers
may skew while rolling. If they skew, the needle rollers
locally come into sliding contact with the side walls of the
bridges, which results in extremely increased slide con-
tact pressure therebetween. If such a needle roller bear-
ing includes a bearing ring, the radially inner or outer
surface of the retainer may be brought into sliding contact
with the bearing ring. Thus, the sliding contact surface
of such a retainer may suffer surface damage such as
seizure besides wear.

[0005] Conventional steel retainers of conventional
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needle roller bearings are typically formed from low-car-
bon steel for machine structural use such as S15C, low-
carbon alloy steel such as SCM415, and low-carbon cold
drawn steel plate such as SPC which all contain not more
than 0.15% by mass of carbon, for ease of cutting and
pressing during manufacturing steps. In order to prevent
wear of and surface damage to retainers made of such
steels, i.e. steels containing not more than 0.15% by
mass of carbon, after machining, such conventional re-
tainers are subjected to surface heat treatment such as
carburizing, carbonitriding or nitrocarburizing (as dis-
closed in Patentdocument 1). Otherwise, portions of their
pockets that are brought into contact with the rolling el-
ements are subjected to surface hardening such as in-
duction hardening or shock hardening after carbonitrid-
ing as preheat treatment or without such preheat treat-
ment (as disclosed in Patent document 2). In Patent doc-
ument 2, after the surface hardening, the surface hard-
ness increases to not less than 250 HV with the core
hardness maintained at not more than 190 HV. It is also
known to modify the surfaces of steel retainers to in-
crease their wear resistance and surface fatigue resist-
ance by subjecting the retainers to surface chemical
treatment such as plating with a metal such as silver or
copper, oxide film treatment such as manganese phos-
phate treatment (as disclosed in Patent document 3).
[0006]

Patent document 1: JP patent publication
10-46318A (pages 3 and 4)

Patent document 2: JP patent publication
2000-205274A (pages 2 and 3)

Patent document 3: JP patent publication

11-303875A (pages 2 and 3)
DISCLOSURE OF THE INVENTION
OBJECT OF THE INVENTION

[0007] Means for modifying the surfaces of steel re-
tainers by surface heat treatment such as carburizing,
carbonitriding and nitrocarburizing, as used for the
abovementioned conventional needle roller bearings re-
quires adjustment of the atmosphere, so that large heat
treatment facilities including a large atmospheric furnace
are needed. A long time is also necessary to diffuse car-
bon and nitrogen. For high efficiency, when the atmos-
phere is adjusted for heat treatment, a large number of
parts have to be treated at one time. This increases the
number of parts in one lot, which in turn increases the
number of unfinished parts, thereby increasing the lead
time. Moreover, it is necessary to dispose of waste olil
such as hardening oil, which increases the load on the
global environment to an unignorable level.

[0008] Means for modifying the surfaces of steel re-
tainers by chemical surface treatment such as metal plat-
ing and oxide film treatment needs large surface treat-
ment facilities for e.g. plating. Also, itis necessary to form
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surface films such as plating films and oxide films. A long
time is needed to grow such films to a sufficient thickness.
As with the abovementioned surface heat treatment, the
number of parts in one lot increases, so that the number
of unfinished parts increases, thus increasing the lead
time. Also, it is necessary to dispose of waste liquid such
as plating liquid, which increases the load on the global
environment.

[0009] Ifthe treatment facilities stop due to blackout or
any other trouble during surface heat treatment or sur-
face chemical treatment for surface modification, a large
number of retainers being treated will become defective.
A long time and a huge cost are required to recall such
defective retainers and restart the facilities. To minimize
this trouble, if retainers are produced in small lots, pro-
duction efficiency lowers and the possibility increases
that different types of retainers in different lots may mix
together.

[0010] In Patent document 2, means are disclosed for
subjecting the retainer of a rolling bearing (roller bearing
in the embodiment) to surface hardening such as induc-
tion hardening or shock hardening. In this arrangement,
if carburizing as preheat treatment is omitted, no heat
treatment facilities such as an atmospheric furnace are
necessary. But if such surface hardening is applied to a
retainer of a needle roller bearing as a kind of roller bear-
ing disclosed in Patent document 2, because such a re-
tainer has alarge number of pockets, it takes an extreme-
ly long time to harden only the surface thereof near the
respective pockets. Further, because the bridges defin-
ing the pockets of such a retainer are subjected to com-
pressive stress and tensile stress due to skewing when
the needle rollers alternately move forward and backward
relative to the retainer, it is difficult to increase the fatigue
strength and fracture strength of the entire retainer by
surface hardening alone.

[0011] Anobjectofthe presentinventionisto efficiently
subject steel retainers of needle roller bearings to heat
treatment in a short period of time even in small-lot pro-
duction using compact treatment facilities, thereby pro-
ducing retainers having improved resistance to wear and
surface damage and high in fatigue strength and fracture
strength as a whole.

MEANS TO ACHIEVE THE OBJECT

[0012] In order to achieve this object, the present in-
vention provides a needle roller bearing comprising a plu-
rality of needle rollers and a steel retainer retaining the
needle rollers, wherein the steel retainer is subjected to
induction heat treatment comprising at least induction
hardening over the entire area and entire thickness there-
of.

[0013] By subjecting such steel retainers to induction
heat treatment comprising at least induction hardening
over the entire area and entire thickness thereof, using
induction heat treatment facilities which need no adjust-
ment of atmosphere, are compact in size and can be
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used for small-lot production, it is possible to efficiently
handle such steel retainers of needle roller bearings,
which are typically small in size and thickness, during
heat treatment thereof. The retainers thus obtained have
improved resistance to wear and surface damage and
high in fatigue strength and fracture strength as a whole.
Because induction heat treatment uses electricity, a
clean energy source, the load on the global environment
is minimum.

[0014] Because the induction heat treatment compris-
es at least induction hardening, the heat treatment steps
can be made inline. Ordinarily, induction heat treatment
comprises induction hardening and induction tempering
or furnace tempering. By selecting induction tempering,
because both induction hardening and induction temper-
ing can be carried out in a short period of time, these
steps can be easily made inline.

[0015] The needle roller bearing according to the
presentinvention may further comprise at least one bear-
ing ring selected from inner and outer rings.

[0016] Preferably, the steel retainer has a surface
hardness and an inner hardness within a range of 350
to 700 HV in terms of Vickers hardness. The higher the
hardness, the higher the wear resistance and the fatigue
strength of the entire retainer. If the hardness of the steel
retainer is less than 350 HV, the wear resistance and the
fatigue strength thereof will be insufficient. If the hardness
is too high, the toughness and thus the fracture strength
decrease, so that the retainer tend to be broken. If the
hardness is too low, the retainer tends to be broken due
to deformation. Thus, the hardness of the steel retainer
is more preferably within a range of 400 to 650 HV.
[0017] The carbon content of the steel retainer is pref-
erably within a range of 0.15 to 1.10% by mass. If the
carbon content is less than 0.15% by mass, it is difficult
to sufficiently increase the surface hardness of the steel
retainer by induction hardening alone. The higher the car-
bon content, the lower the workability and weldability.
Thus, the carbon content is preferably not more than
1.10% by mass, more preferably not more than 0.50%
by mass. If the carbon content is not more than 0.30%
by mass, carbon can be completely blended into the iron
matrix in the form of a solid solution, so that it is possible
to omit induction tempering or furnace tempering during
the induction heat treatment.

ADVANTAGES OF THE INVENTION

[0018] By subjecting the steel retainer of the needle
roller bearing according to the present invention to induc-
tion heat treatment comprising at least induction harden-
ing over the entire area and entire thickness thereof, us-
ing induction heat treatment facilities which need no ad-
justment of atmosphere, are compact in size and can be
used for small-lot production, it is possible to efficiently
handle such steel retainers of needle roller bearings,
which are typically small in size and thickness, during
heat treatment thereof. The retainers thus obtained have
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improved resistance to wear and surface damage and
high in fatigue strength and fracture strength as a whole.
Because induction heat treatment uses electricity, a
clean energy source, the load on the global environment
is minimum.

[0019] Because the induction heat treatment compris-
es at least induction hardening, the heat treatment steps
can be made inline.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020]

Fig. 1 is a vertical sectional view of a needle roller
bearing according to a first embodiment;

Fig. 2 schematically shows pressing steps of a steel
retainer of Fig. 1;

Figs. 3(a)-(e) are sectional views of modifications of
the steel retainer of Fig. 1; and

Fig. 4 is a vertical sectional view of a needle roller
bearing according to a second embodiment, with a
portion thereof omitted.

DESCRIPTION OF REFERENCE NUMERALS

[0021]

1: Outer ring
la: Raceway

2: Needle roller
3: Retainer

3a: Pocket

4: Quter ring

5: Inner ring
4a, 5a: Raceway
4b, 5b:  Claw

6: Needle roller
7 Retainer

BEST MODE FOR EMBODYING THE INVENTION

[0022] The embodiments are now described with ref-
erence to the drawings. Figs. 1 and 2 show the first em-
bodiment. As shown in Fig. 1, this needle roller bearing
is of the radial type in which needle rollers 2 arranged on
a cylindrical surface having an axis A along a raceway
la of an outer ring 1 are retained by a retainer 3 made
of steel. The outer ring 1 shown is a shell type outer ring
formed by pressing a steel plate. But instead, the outer
ring according to the invention may be formed by cutting.
[0023] The retainer 3 is formed by pressing. As shown
in Fig. 2, the retainer 3 is formed by blanking a steel plate
to obtain a disk-shaped blank, drawing the disk-shaped
blank into a cup member, removing the bottom of the cup
member and cutting and bending edges in a forming step
to provide a cylindrical member having flanges at both
ends, forming pockets 3a for receiving the needle rollers
2 by punching in a punching step, and forming a step at
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an intermediate portion of the cylindrical member in a
finishing step.

[0024] Theretainer 3isformed from a steel blank made
of structural carbon steel S50C, which contains 0.50%
by mass of carbon. After pressing as shown in Fig. 2, the
steel blank is subjected to induction heat treatment com-
prising induction hardening and induction tempering over
the entire area and entire thickness thereof so that the
surface of the end product has a Vickers hardness within
the range of 400 to 650 HV. But the retainer 3 may be
formed from a steel blank made of structural carbon steel
other than S50C or a tool steel such as SK5, provided
such steel contains carbon by 0.15 to 1.10% by mass. If
the carbon content of the steel blank is not more than
0.30% by mass, the induction tempering step may be
omitted. Induction heat treatment may be carried out after
the retainer 3, outer ring 1 and needle rollers 2 have been
assembled into a bearing. The induction tempering step
may be replaced by furnace tempering.

[0025] Figs. 3(a) to 3(e) show steel retainers 3 which
are identical to the retainer of Fig. 1 except their shapes.
The retainers of Figs. 3(a) and 3(b) are formed by press-
ing, or by cutting a steel strip formed with pockets to a
required length, annularly bending the thus cut strip, and
welding their ends together. The retainer of Fig. 3(c) is
formed by annularly bending a blank strip which has been
formed with a step by pressing and pockets by punching
beforehand, and welding their ends together. The retain-
ers of Figs. 3(d) and 3(e) are formed by cutting a pipe
member. The needle roller bearing according to the
present invention may comprise any of the retainers 3 of
these modified embodiments and the first embodiment
and the needle rollers with no bearing rings.

[0026] Fig. 4 showsthe second embodiment. This nee-
dle roller bearing of this embodiment is of the thrust type
and comprises an outer ring 4 and an inner ring 5 having
raceways 4a and 5a, respectively, and needle rollers 6
disposed around an axis B so as to extend in radial di-
rections between the raceways 4a and 5a. The needle
rollers 6 are retained by a steel retainer 7. Claws 4b and
5b are formed on the outer ring 4 and the inner ring 5,
respectively, to prevent separation of the respective nee-
dle rollers 6, which are retained by the outer ring 4, inner
ring 5 and retainer 7.

[0027] The retainer 7 is formed by welding its ends
together and is formed from a steel blank made of struc-
tural carbon steel S30C, which contains carbon by 0.30%
by mass. This retainer 7 is also subjected to induction
heat treatment comprising induction hardening and in-
duction tempering after forming and welding so that the
surface of the end product has a Vickers hardness within
the range of 400 to 650 HV.

Claims

1. Aneedle roller bearing comprising a plurality of nee-
dle rollers and a steel retainer retaining said needle



7 EP 1780 428 Al
rollers, characterized in that said steel retainer is
subjected to induction heat treatment comprising at
least induction hardening over the entire area and
entire thickness thereof.

The needle roller bearing of claim 1 wherein said
induction heat treatment further comprises induction
tempering.

The needle roller bearing of claim 1 or 2 further com- 10
prising at least one bearing ring selected from inner

and outer rings.

The needle roller bearing of any of claims 1 to 3
wherein said steel retainer has a surface hardness 15
and an inner hardness within a range of 350 to 700

HV in terms of Vickers hardness.

The needle roller bearing of any of claims 1 to 4

wherein the carbon content of said steel retainer is 20
within a range of 0.15 to 1.10% by mass.
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